AD716696 


1  50  I 


Ttfi 

AppLtii)  MK'i<()Uif)i.(K.v,  Niw  !‘)7I1,  p.  765-7^)')  Vo!.  211,  No,  5 

Copyi'iglu  1'  l‘)7i»  AnK'iicijn  Society  for  Micrnbiolt)gy  Printed  in  l 


Adsorption  of  Formaldehyde  i)y  Various  Surfaces 
During  Gaseous  Decoiitaminatiou 

JAMES  R.  HRASWEI-L,  DAVID  R.  SEINER,  and  RORERT  K.  HOEEMAN 
Dc/xiriinoiil  of  ilw  Army,  f'ori  Dr/rick.  r'lvdcrick .  Mary/ainl  21701 

Rcccivtid  for  nnhlirnlicin  U)  Iiilv  1970 


Reproduced  by 

national  technical 
information  service 

Springfield.  Va  27151 


Al’i'iiii)  Mi(  UdiiKii ,  Ntiv  l*>7(),  p.  765  7ft‘> 
t  i>p>iiiilu  «  l‘)7(>  Ariiciiciii)  SiK'ifis  lor  Mici'ohioi(»t!> 


Vol.  20.  No.  5 
t*rhnc(i  in 


A(lyorj)lion  of  Fornialdeliyde  J)y  Various  Surfaces 
Diirin<i  Gaseous  Decoii lain iuat ion 

.I.A.MI  S  R.  URASWI.Ll.,  DAVID  R.  SMNLR.  A\t)  ROUI  RT  K.  HOI  I  MAN 
/)c/Hinnit‘in  <it  the  .Iriiiy,  I'ltrl  Detrick.  I'reJeriek.  Miirvhiiti/  '1701 

Received  for  publicalion  10  July  R)70 

Study  of  the  clfecl  of  atmospheric  relative  humily  (RH)  on  the  adsorption  of  para¬ 
formaldehyde-generated  formaldehyde  gas  on  various  surfaces  and  the  elfect  of  Ihe 
adsorbed  formaldehyde  on  the  death  rate  of  bacterial  spores  showed  that  increasing 
the  RH  caused  a  corresponding  increase  of  formaldehyde  levels  on  all  surfaces.  The 
amount  peaked  at  S3',  RH.  The  levels  obtained  at  100',  RH  were  slightly  below 
those  at  S3' ,  RH,  Cotton  cloth  had  a  much  greater  allinity  for  Ihe  gas  at  all  RH 
than  either  glass  or  stainless  steel.  The  death  rale  of  bacterial  spores  on  surfaces 
containing  adsorbed  formaldehyde  was  high  for  the  fust  hour  after  removal  from 
the  formaldehyde  atmosphere  but  decreased  nipidly  It.ereafler.  This  held  true  for 
both  cotton  anti  ghiss  surfaces.  Also,  formaldehyde  levels  of  15  to  21  ml  of 
nutrient  broth  causetl  inhibition  of  bacterial  growth,  but  levels  above  27  gg  ml 
rendered  broth  sterile. 


l  ormaldehyde  h;is  been  used  for  years  as  :■ 
\apor-phase  decontaminiint  to  treat  biologically 
conttiminated  enclosures.  However,  it  has  run 
into  disfay'or  from  time  to  time,  primarily  be- 
ciiuse  of  its  ease  of  polymeri/ation  and  Ihe 
dilliculty  of  polymer  removal.  In  most  of  this 
work,  bormalin  was  used  as  the  source  of  for- 
niiddehyde.  Both  the  inatlequiite  method  of 
dispensing  the  lit|uid  and  the  lack  of  air  circuki- 
tioR  were  undoubtedly  the  main  ctiuses  of  exces¬ 
sive  polymerization.  Because  of  its  low  vapor 
pressure,  formidtlehyde  must  be  mixed  rapidly 
with  air  to  prevent  condenstilion  tmd  polymeri¬ 
zation.  Recently,  the  thermal  tiepolym  .-rization 
of  dry  paniforniiddehyde  in  small  electric  skillets 
has  gained  favor  as  ti  means  of  disseminating 
formaldehyde.  This  technique  necessitates  the  use 
of  many  skillets  when  treating  ;i  large  enclosure 
(2).  Although  the  technique  is  very  lime  consum 
ing  ami  requires  many  electrical  circuits,  it  does 
have  the  arbantage  of  disseminating  the  chemical 
at  many  locations,  giving  a  more  uniform  distri 
billion  and  less  condensation  and  polymerization 
in  the  enclosure.  An  unknown  quantity  in  the 
use  of  formaldehyile  for  enclosure  decontamina 
tion  is  the  extent  of  chemical  ailsorption  by  var 
ions  surfaces  as  a  function  of  relative  humidity 
I  RH  I  and  chemical  concentration.  The  amount  of 
fonnaklchydc  adsorbed  by  a  surface  will  alfecl 
the  rate  at  which  microorganisms  are  killed  on 
that  surface.  I  urihermore,  the  amount  ofadsorp 
tion  will  alfecl  the  kill  rtite  of  residutil  micro 


organisms  after  the  surface  is  removed  from  the 
formaldehyde  tiimosphere. 

The  study  reported  here  wtis  initialed  to  (i) 
determine  the  levels  of  tidsorbed  formtildehyde 
acquired  from  vaporized  partiformaldehyde  and 
Formtilin  on  several  surfaces  as  ;i  function  of 
RH  and  chemical  concentration,  (ii)  determine 
the  level  of  formaldehyde  required  to  inhibit  the 
growth  of  Hacithts  sithiili.s  vtir.  tiiacr  in  broth,  tind 
(iii)  determine  the  nite  that  microbial  spores  tire 
killed  on  various  surfaces  by  residual-adsorbed 
formaldehyde. 

M  \ti;ri.\i,s  and  mchiods 

The  choice  of  lest  siirfaecs  was  htiseil  on  llie  ma¬ 
terials  routinely  used  by  our  laboratory  for  bioinilica- 
lors  when  decontaminating  building  interiors  and  in 
spaccxTiift  sterilization  studies. 

Test  A  was  performeil  to  determine  formaklehyde 
adsorption  levels  on  cotton  cloth  patches.  Determina¬ 
tions  were  made  after  various  formaldehyde  concen¬ 
trations.  RH  levels,  tind  e.xposure  times.  Test  It  was 
IKTl'ormed  to  determine  adsorption  levels  on  stainless- 
steel  surfaces  Test  C  investigateil  ailsorption  of  form¬ 
aklehyde  on  glass  surfaces.  Test  D  iletermined  Ihe 
levels  of  forniiildehyde  required  to  inhibit  bacterial 
growth  Jest  I  determined  the  rate  at  which  bacterial 
spores  were  killed  on  cloth  and  glass  surfaces  by  resi¬ 
dual-adsorbed  formaklehyde,  anil  Test  I'  compared 
Ihe  adsorption  of  piiraformaldehyde  tind  l  ormtilin- 
generaled  formaklehy  de  on  cotton  cloth  patches. 

J'esl  Colton  cloth  ptitchcs  i.S  S  incli  diiimelcr, 
ea.  I..‘''J  cm.  O.Ob  g'  were  exposed  to  ptiraformiilde- 
hyde  sapors  igtiscous  forma Idehydci  in  y.-l-liter  desic- 
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I  Ki.  I  !  iiriiKiltlehyJc  cx/uistirc  t  litinilwr. 

caloi  >  I  l  ii:.  I  i.  l  adi  ilcMCcaliir  lop  was  ci|iiippod  with 
iwo  siopciKk  control  ventilation  l^.ocs  for  purging  the 
ainiosnhcic  with  air  ol' controllcti  KH  aiul  a  ground- 
glass  stoppcrcti  side  arm  to  introdticc  and  dcpol>m- 
cri/c  the  paral'orm;tldch\dc.  All  patches  were 
eonilitioned  for  ti  minimum  oC  4S  hr  at  the  htimidil.x 
level  ill  which  the.v  were  to  he  tested.  Then,  three 
pitiches  per  test  were  pliiced  on  the  entls  of  pins  set  in 
metal  jilates  on  the  huttom  of  the  desiccator.  Air  with 
the  proper  RH  was  lltishetl  through  the  ilesiccator 
through  the  veniiliiiion  lubes  for  a  minimum  of  15 
mm  beldre  each  exposure.  I’iiriildrmaldehvde  was 
weigheil  into  a  small  glass  hoiit  that  lilted  into  the 
ilesiccator  side  arm.  The  side  arm  was  then  sealed 
with  ii  ground  glass  stopper.  To  compensiite  for 
e'cess  jiressure  during  vapori/ation  of  the  para 
formalileh.ide.  a  wiiter  lilleil  manometer  tube  was 
connected  to  the  ventilation  outlet;  that  sio|KiKk 
remained  open  during  the  heiiling  period.  iThis 
jvroceiltire  prevented  the  dessiciilor  lid  from  Iveing 
idown  olf  if  the  forniiildehide  was  accidenll.v  ignited 
through  too  vigorous  healing  of  the  siile  arm.i  The 
piiiiiformalilelivde  w;is  then  vapori/eil  bv  I  to  2 
nun  of  gentle  healing  of  the  siile  arm  with  a  biinsen 
burner.  Timing  of  the  ex|H)sure  began  after  vapori/a- 
lion  was  completed.  RH  levels  of  1.5.  5(1,  Hi',  and 
100'  ,  anil  exposuie  limes  of  .tO.  60.  and  120  min  were 
used  for  each  of  the  following  parai'ornialdehvde 
conccniratiims ;  10.6.  5,.V  2,7.  0.5.  and  0.1  mg  liter. 

1  or  each  set  of  conditions,  three  patches  were  exposeil 
anil  an;il,v/ed  for  formalilehvde. 

1  he  ailsorbcil  formaliiehvile  was  removed  from 
the  patches  bv  vigorous  agitation  with  5  to  10  ml  of 
hot  disiillcil  water,  (  lie  amount  of  water  used  was 
dependent  upon  expected  concentrttlion  of  the 
formalilehvde  to  gel  a  satisfacloi  v  tiilsorpl'on  read 
mg.'  rile  foimaldehvile  content  was  an:ilv/ed  In 
.ibsorplion  speclroscopv  with  a  Coleman  Universal 
Specli  opluitometei  anil  pheiiv  Ihv  dra/iue  hvilro 


chloride  potassium  fen  icvanule  color  ilevelopment 

U.  .Ahsorplion  was  read  at  a  wavelength  of  52l> 
nm. 

Test  U.  Small  stumless  steel  philes  <  I  bv  I  cm  were 
exposed  to  v.iriotis  concenirtilions  of  fomialdehvtie 
at  ilill'erent  humidities  ‘corresponding  to  test  .A  I  he 
exposure  time  w;is  heltl  constant  at  tiO  min.  Onlv  one 
siile  of  each  plate  was  exposed;  the  other  side  was  Mat 
against  the  ilesiccator  bottom,  I  ormaldehvde  was 
rcmoveil  from  tlie  surface  anil  tinalv/ed  in  tile  s;ime 
manner  as  in  test  A.  W  hen  a  ileterminalii'ii  showeil  no 
formalilehv lie  present,  no  lower  concemralions  or 
humidities  were  used. 

Test  C.  Test  C  was  pei  formeil  in  the  stime  manner 
as  lest  R.  except  lh:il  gitiss  plates  1 1.4  In  1,4  ciii'  were 
used.  The  plates  were  cut  from  noncorrosive  hard 
glass  microscope  slides. 

Test  1).  for  iletermmiiig  the  level  of  formaliiehvile 
at  which  growth  inhibition  occurred,  cotton  ptilches 
with  various  levels  of  tiilsorbeil  formaliiehvile  were 
placed  in  sterile  lOntl  nutriem  broth  blanks.  The 
bitinks  were  seeticil  with  l(f  llurilliis  sii,'>iili\  v;u. 
(i/.ger  spores  anil  inciibaietl  :it  .57  C.  I’erioilic  visutil 
checks  for  clouiliness  of  the  broth  conlirmeil  growth. 

.After  incubation  for  I  ihiv ,  I  ml  from  each  blank 
showing  no  clouiliness  wtis  tiddeil  to  another  Id  ml 
sterile  broth  blank.  I'he  iimial  portion  of  broth  was 
ideniilied  as  "A"  broth,  the  diluted  portion  ;is  "H  " 
broth.  Roth  stimples  were  then  returned  to  the  inctiba 
tor  so  that  growth  rates  could  be  compared. 

Test  K.  The  elfect  of  adsorbed  formalilehvde  on 
the  rtile  of  kill  of  Ii.  snhtiHs  var.  /i/i'cr  spores  was 
determined  on  cotton  patches  and  gltiss  si|tiares.  The 
si|uare  surfaces  d).5  b>  d.5  inch.  1.27  b.v  1.27  enu  were 
contaminated.  |vreconditioned  to  5.5'.  RH.  iintl  then 
exposed  to  aivproximatel.v  5  mg  of  formtildeh.vdc 
ifrom  paralbrmaldehvtlei  per  liter  at  55',  RH  and 
25  C  for  .50  min.  The  selection  of  ti  short  expostirc  was 
based  on  preliminarv  experiments,  to  give  a  reasc.iable 
time  for  formaliiehvile  ailsorption  by  the  stirlace  yet 
result  in  only  about  90'  ,  kill  of  the  cimtaminating 
s|iores.  At  the  end  of  the  .50-min  expostire,  the  stirfaces 
were  removed  from  the  formaldehyde  titmosphere 
placed  in  open  petri  dishes  surrounded  bv  wet  towels 
to  raise  the  RH  to  50  to  60' , ,  tind  allowed  to  tit. -rate. 
.After  0,  0.5,  I.  2.  4.  6  or  7,  and  24  hr  of  aertition,  the 
various  materials  were  ttssayed  for  viable  spores. 
Concurrently,  surlaces  were  also  assaved  for  adsorbed 
forinaldehvde  for  comparisi.n  of  formaliiehvile  con 
centration  with  detith  rate  on  each  material. 

Test  r.  The  adsorption  of  formaldehyde  genertited 
from  paraformaldehyde  and  from  f'ormalin  vvtis 
compared  tinder  like  conditions  of  RH  and  vapor 
concentration.  Only  cloth  ptilches  were  used  in  this 
study . 

KKSUMS 

All  concentrations  shown  in  the  ttiblcs  and 
gniphs  represent  tin  average  of  three  septirtile 
ilelermintilions. 

Test  .V.  As  shown  in  lable  I,  the  higher  the 
formiiklehyde  eoneentrtition  tit  a  given  Rll  tintl 
exposure  time,  the  more  formaldehyde  titlsorbed 
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I  Altl.i  I ,  .  intiHint  nf  tontuiUlchyite  titisorhet!  tt/t 
(  iiiiiiii  /hiic/ii’.s  Ironi  \uiriitii.\  iiiiiDiiiits  ot  Viiporiitul 
I'lirdttifnnililyhyitc 


Wipor 

Kcl.lIU'C 

o\|«i'Ur<-  tiinr 

of 

■tn,'  iitii 

liuini.lilv 

mill 

piii  mill 

f  min 

0.12 

1.5 

4 

5 

6 

50 

25 

63 

70 

8.' 

73 

‘)4 

215 

o.s.t 

15 

14 

14 

16 

50 

113 

207 

317 

s.t 

2.50 

473 

552 

1.5 

27 

31 

42 

.50 

507 

.587 

670 

8.^ 

1 , 35)4 

1 . 7.58 

1 ,6.50 

too 

612 

8.’') 

763 

.^.3 

1  .5 

25 

36 

46 

50 

W3 

1,150 

S3 

2.550 

2.483 

2.4(X) 

HK) 

1 .2.50 

10.6 

15 

70 

125 

1.53 

.50 

1.267 

'  .4.30 

1 , 783 

83 

3.233 

3.6(K) 

.3.9.38 

l(K) 

783 

2.oyi 

2,616 

I  k.,  2  .liiiiniin  III  liinnnlilrliyili'  Inmi  iitinitiirnuil- 
ih'li\t/i'  ai/\i>i/)('i{  Dll  iiimiii  iHililii's  i.i  iS’  inch.  cii. 
rill  -.  I  iiiHir  ciiiicciiiriiiiiin  ii,  /(l/i  nty  liter  I'l  air. 


Pauli  2.  .Ininiiiii  nl  lorniah/c/iyi/i'  nihnrhcil  on 
slainlcs.\  .sted  plates  in  fill  min  of  e.ypo\iire  to 
yitrions  eonretiiratiotis  o/  vaporizet! 
parttlorinalt/eliyile 


Kt-laiiv  (-  litiiiiii|ji  \ 

Par.:  fm  nia 

1  oMi  1)  ' niir  liti-i 

InimaMrhyilr 
a<!"oil)(  1 

(pu'  iin-i 

1  .5 

10.6 

T  lace 

.50 

2.7 

0 

.50 

5.3 

4 

50 

10.6 

140 

83 

0.23 

0 

8.3 

2,7 

0 

8.3 

5.3 

48 

83 

10.6 

187 

IIM) 

2.7 

4 

100 

5.3 

17 

Paiii.i  3.  .Iiiioinii 

ol  loniiahlelivile 

atlsorheil  mi 

ytass  plates  in  fid  min  ol  esposiire  to  various 

conceniraiions  of  vaporizet!  paraforniahicliyile 

ki  lali\ «'  ftiiiniiiil^ 

Pa.al'iM  inaMi'liyili’ 

1  aw  h  'tiiu  litci  I 

1'  tnntiiMi-hvili' 
atlsiiihnl 
iin-i 

1.5 

2.7 

0 

1 .5 

5.3 

0 

1 .5 

10.6 

T  race 

.50 

0.23 

0 

50 

2.7 

2 

.50 

5.3 

32 

50 

10,6 

182 

83 

0.23 

0 

83 

2.7 

0 

83 

5.3 

45 

83 

10.6 

217 

100 

0.23 

0 

KM) 

2.7 

20 

1(X) 

5.3 

64 

on  :i  patch.  Also,  the  rormakichytic  conccntialion 
on  a  patch  increased  with  time  (Talile  I,  Fig.  2), 
hut  the  rate  of  adsorption  was  nuieh  higher  the 
lirst  hour  of  e.xposure  and  tended  to  decline 
rapidly  after  that  period.  About  iSO' ,  of  the  2-hr 
total  was  adsorbeil  by  the  enti  ol  the  lirst  hour. 

Most  profound  was  the  elfect  of  RFI  on  the 
amount  of  forma klehyde  adsorbeil  on  a  patch 
(Fig.  2).  At  RFI  levels  as  high  as  83',,  patch 
adsorption  increased  with  increased  humidity.  Of 
the  humiilities  tested,  peak  adsorption  was 
reached  at  83' ,  RH.  At  10(1',  RFI,  forma  klehyde 
levels  fell  between  those  at  50  and  83',  RH, 
probably  because  more  moisture  at  100',  Rll 
enabled  the  desiccator  surfaces  to  compete  with 
the  test  surfaces  for  formaldehyde. 

'Pest  B.  Stainless  steel  showed  the  letist  for 
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Taih.i  4.  Inhihilion  in  broili  hlatiks 


[)eterminati'm 


l\.  MihiiHc  ^rinvtli  at  initial  iiarafiMiiialilchyiU  < uncD  of  rni  <>f  ^rolll) 

IV'  i:  i»  i- 

I  A  H  \  H  A  It  A  II  A  It 


r*  I* 


Growth  I  iliiy  +  +  4- 

Grow'th  2  days 
Growth  2  to  7  days 
Rcsecdcil  at  7  days;  growth 
svithiii  2  da>s 


+ 


-  + 
+ 


'*  A  =  initial  10  ml  ofsoodod  hroth;  U  =  1  ml  or“A'’  diluted  with  10  ml  of  I'rcsh  hroth  alter  “A”  was 
incubated  for  1  day. 


niaklchyde  adsorption  of  the'  mitte'rials  tested. 
Detectable  amounts  (at  the  humidities  tested) 
were  found  only  at  50';,  RH  and  above  and  then 
only  at  the  higher  formaldehyde  eoncenlralions. 
As  with  the  cotton  patches,  maximum  adsorption 
was  at  83',;  RH.  Table  2  gives  the  vtilues  obtained 
for  stainless  steel  surfaces  (1  by  1  cm). 

Test  C.  The  amount  of  formaldehyde  adsorbed 
on  the  glass  surfaces,  although  slightly  higher 
than  for  stainless  steel,  was  still  of  the  same  order 
of  magnitude.  Highest  concentrations  were  again 
found  tit  83' ;  RH.  However,  the  formtildehyde 
levels  were  still  ftir  below  those  found  on  cotton 
patches.  No  formaldehyde  was  found  below  an 
RH  of  50',;.  Linder  the  conditions  of  83  and 
l(X)',  ,  RH,  at  concentrations  of  paniformaldehyde 
of  5.3  mg/liter  and  above,  formaldehyde  appeared 
to  be  preferentially  polymerized  on  the  glass  test 
surfaces.  A  thin  white  film  appeared  on  the  te.st 
surfaces  that  was  not  visible  on  the  petri  dish 
cover  holding  the  samples  nor  on  the  interior 
surfaces  of  the  desiccator.  The  sample  surfaces 
were  washed  thoroughly  with  soap  and  hot 
water,  and  the  exposures  were  repeated.  The 
sanie  results  were  observed,  although  not  to  the 
same  extent  as  in  the  previous  exposure.  The 
formaldehyde  concentrations  reported  in  Table  3 
are  those  found  on  the  washed  surfaces. 

Test  D.  Cotton  patches  with  formaldehvde 
concentrations  of  less  than  15  /xg  ml  of  broth 
had  no  noticeable  clfect  on  B.  .stihiilis  var. 
growth  in  nutrient  broth.  Growth,  as  evidenced 
by  cloudiness  of  the  broth,  was  apparent  after 
an  incubation  period  of  24  hr.  Patches  with  15 
to  27  jLig  of  formakich>  de  per  ml  of  broth  retarded 
growth  for  as  long  as  7  days.  However,  1  ml 
taken  from  the  15-  to  27-;ug  group  .-.nd  added  to 
another  Ib-nil  broth  blank  consistently  showed 
growth  sooner  than  the  mother  broth.  Form 
akichytic  levels  above  27  Mltml  rendered  the 
broth  sterile.  These  results  arc  summarized  in 
Table  4. 


Aeration  Time,  (hours) 

Fiti.  .2.  ResUliml  ndivity  of  atlsorhcd  forintildeliyde 
«.i(  linst  n.  snhliHs  vtir.  nii;i’i'  \por('.'i. 

''  e.st  Iv.  The  results  of  test  E  are  shown  graphi¬ 
cally  in  Fig.  3.  As  expected,  the  spores  continued 
to  be  killed  for  a  time  on  both  cloth  and  glass 
surfaces  after  being  removed  from  the  formal¬ 
dehyde  iitmosphere.  During  the  lirst  hour  of 
aeration,  the  death  rtite  due  to  the  atlsorbed 
formaldehyde  almost  ee|ualcd  that  for  spores  in 
the  formaldehyde  vapor  itself  (where  84  to  93',- 
were  kil’.ed  in  the  30 min  exposure).  After  3  hr 
of  aeration,  however  the  death  rate  ilecreased 
rapidly;  only  a  minimum  of  kill  occurred  there¬ 
after.  Although  the  dtitii  are  not  reported  here, 
an  additional  test  was  performed  to  assure  our- 
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Pauli;  5.  Amount  of  forinaltJcliyde  adsorbeil  on 
cotton  doth  patches  exposed  for  J  hr  to  vapor 
from  paraformaldehyde  and  Formalin  at  35  C 


i 

Relative  j 

hnnuility  j 

1 

1  Amt 

j  f»f  ft)iTnal- 
■  richyfle  per 
i  desiccator 
Ong) 

j  Avr  adsorption  per  leitwii  (/ju) 

Parafor¬ 

maldehyde 

Formalin 

100 

50 

1,250 

852 

8.1 

50 

1  2,483 

1,459 

50 

50  1 

993 

537 

Tabli;  6.  Desorption  of  formaldehyde  from  cloth 
patches  and  glass  squares  at  25  C 


Aeration  lime  (hr) 

.\mt  of  IICIIO  per  patch  0*g) 

Cluth 

1  Glass 

0 

555 

36 

0.5 

445 

25 

1 

390 

21 

2  1 

350 

9 

4 

255 

i  0 

6 

188 

24 

24 

selves  that  the  death  of  the  cells  was  clue  to 
forma  klehyde  adsorbed  on  the  cloth  and  glass 
surfaces  and  not  just  adsorbed  on  the  bacterial 
spor<  surface  In  this  experiment,  the  cloth  and 
glass  patches  were  first  exposed  to  the  formal¬ 
dehyde  atmosphere  for  30  min  as  before  and  then 
exposed  to  an  ticrosol  of  the  bacterial  spores  for 
15  min.  The  rate  of  kill  of  these  spores  on  the 
formaldehyde-containing  cloth  and  glass  was  in 
the  same  order  of  magnitude  as  in  the  above 
experiment.  Table  6  shows  desorption  data 
generated  from  test  E. 

Test  F.  Table  5  shows  the  comparison  of 
adsorbed  formaldehyde  concentrations  on  cloth 
patches  when  the  formaldehyde  was  generated 
from  paraformaldehyde  or  Formalin.  At  all 
three  RH  levels,  less  formaldehyde  was  adsorbed 
from  vaporized  Formalin.  Actually,  during  the 
vaporization  process,  some  liquid  condensed  into 
small  droplets  on  desiccator  surfaces  that  were 
not  accessible  to  heating.  It  was  found  that  12':^ 


of  the  total  formaldehyde  vaporized  was  present 
in  the  condensed  areas. 

DISCUSSION 

The  results  presented  show  that  siirracos 
readily  adsorb  formaldehyde,  the  amount  being 
dependent  on  the  nature  of  the  surface,  the  RH, 
and  the  exposure  time.  Such  factors  should  be 
considered  when  establishing  the  protocol  for 
decontaminating  an  enclosure  and  assessing  the 
clfectivencss  of  the  procedure.  It  is  evident  that 
cloth  is  not  a  desiiable  surface  for  a  biological 
indicator  when  evaluating  the  effectiveness  of 
formaldehyde  gas. 

It  is  interesting  that  the  death  rate  of  micro¬ 
organisms  due  to  adsorbed  formaldehyde  is  the 
same  whether  on  glass  or  cloth,  yet  the  amount 
of  adsorbed  formaldehyde  is  more  than  an  order 
of  magnitude  different  on  the  two  surfaces.  The 
sporicidal  activity  cetised  after  the  concentration 
dropped  from  about  500  to  about  3f>0  pg  on  cloth 
and  after  dropping  from  36  to  less  than  20  pg  on 
glass.  The  vast  diflerence  in  concentnition  may  be 
associated  with  the  difference  in  surHice  area  of 
the  two  materials;  therefore,  at  any  particular 
isolated  point  the  formaldehyde  concentration 
could  be  the  same  regardless  of  surface.  This 
would  explain  the  similarity  in  death  rates  shown 
in  Fig.  3  for  glass  and  cloth  surfaces. 

In  general,  less  formaldehyde  was  adsorbed  on 
cloth  when  the  chemical  was  generated  from 
Formalin  than  from  paraformaldehyde.  The 
difference  is  probably  entirely  due  to  the  con¬ 
densation  of  some  of  the  Formalin  after  vaporiza¬ 
tion. 
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